* * 

40Q5 Express Mail EF440372584US 

PATENT 



5 



10 



15 



20 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES PATENT APPLICATION 

Of: MILAN S. BLAKE, JOHN B. ZABRISKIE, 
JOSEPH Y. TAI AND FRANCIS MICHON 

For: GROUP A STREPTOCOCCAL POLYSACCHARIDE 
IMMUNOGENIC COMPOSITIONS AND METHODS 



25 



30 






- 1 - 



FIELD OP THE TMVffWP™ H 



This invention relates to the field of novel 
x^unogenic compositions, processes for producing the. and 
methods for ionization of warm-blooded animals 
including humans, against infections and disease 'caused by 
group A Streptococci. caused by 
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BACKGROTTMn nr t^E TNV1 , MTTnM 

Group A Streptococcal disease as shown by the rate of 
mfectxons by age group is a childhood disease (1-3, 
Much li ke the other diseases in this category such as 
meningococcal (4) and Haemophilus meningitis (5) 
diphtheria (6) and others (7,8), the majority of 'cases 
occur x „ young children and the rate of infection 
dec reaS es with age. Thus, by the age of eighteen years, 
the incidence of group A Streptococcal infections is 
relatively low (1-3). This would suggesfc ^ 
of natural immunity to this group of organisms may occl 
over time much like that found with other childhood 
infections. 

In exponents extending over several decades 
Lancefield and colleagues ( 9 -u, established that tte vast 
«J«ity of he.olytic streptococci infecting nutans were 
group A . This distinction was based on serological 
reactions to group A Streptococcal carbohydrate. Later 
stud.es reported that the immunodominant determinant was 

172 ■ lu r saBine <12 ' 13) - osing mouse prot -"°- 

•nd precipitin assays, these group A Streptococci were 
further sub-divided into serotypes based on the presence 
of antigemcally different K proteins present on the 

Z bod?' T ° r9anlS "- * h " ^ '»« 
antibodies directed against a specific M serotype are 

Protective in a mouse model of infection (14) . m humans. 
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recovery from group A Streptococcal infection is often 
associated with long lasting immunity which is type 
specific to the infecting organism (11) . B ut in both 
cases, the protection is M serotype-specif ic and does not 
extend to protection against other serotypes, m 
5 addition, it has been demonstrated in numerous studies 

that human sera rarely contain multiple M protein serotype 
specific antibodies (11,15). These classical experiments, 
both in humans and experimental animals, established an 
important role of the M protein in the virulence of group 
10 A Streptococci and have formed the basis for numerous 
unsuccessful attempts to develop streptococcal vaccines 
that would elicit protective antibodies either toward the 
ammo-terminal portion of the M protein in which the 
serotypic specificity resides or more recently to the 
15 common C-repeat regions of the molecule (16). 

However, in view of the age related nature of group A 
infections which suggests a rise in natural immunity to 
this group of bacteria, the question remains whether this 
represents a slow rise in antibodies directed at more 
20 common regions on the M protein or whether other surface 
antigens which have received less attention might play a 
role in this naturally acquired nonserotype specific 
protection. For example, the hyaluronic acid capsule 
Plays an important role in the virulence of group C 
25 infections in guinea pigs (17) and anti-hyaluronate 

antibodies have been detected in animals (is, 34) and 
humans (19). Hyaluronic acid from group A Streptococci 
was reported as being immunogenic in rabbits after 
immunization with formalized, encapsulated group A 
Streptococci or bound to liposomes (18). Use of liposomes 
in vaccines has also been reported (31). Injection of the 
mucopeptide fractions of the streptococcal ceil wall 
induces a short lived protection in experimental animals 
(20) but its role in humans remains unknown. 
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The group specific carbohydrate consists of a 
poly-rhamnose backbone to which, in the case of Group A 
an N-acetylglucosamine is present at the non-reducing ' 
terminal position (Figure la) . Group a variant 
streptococci have been described and characterized 
(12,13). In these streptococci, the poly-rhamnose 
backbone is present but remains undecorated by N- 
acetylgiucosamine (Figure lb, . m early experiments, 
rabbits were injected with whole group A Streptococci 
lacking M protein and this was shown to elicit 
precipitating antibodies to the group A carbohydrate 
However, these antibodies were not passively protective 
aga lns t an M protein positive group A Streptococcal \ 
challenge in passive mouse protection studies (i 4) ! 
Furthermore, several earlier attempts to demonstrate 
similar precipitating antibodies in humans were 
unsuccessful, suggesting that precipitating carbohydrate 
antibod.es did not play a significant role in protection 
against streptococcal infections. 

However, because most of the early methods to detect 
a rise in antibodies depended on the ability of these 
antibodies to become precipitable with the addition of 
antigen, many antibodies which none-the-less were reactive 
with a specific antigen but did not precipitate in such 
assays, were left undetected. Antibodies reactive to the 
hyaluronic acid capsule of group A Streptococci provide 
one good example, m studies focused on eliminating this 
problem, a series of reports beginning in 1965 (21 22) 
-ployed both direct and indirect agglutination techn gues 
to detect antibodies. Direct agglutination detected 
precipitating antibodies while the indirect agglutination 

would measure both Drecirni- a +*4«~ -> ^ 

uotn precipitating and non-precipitating 

antibodies, of inters*- 4-u j 

et al ^ I ,T demonstration by Karakawa 

et al (22) that the direct agglutinating antibodies, i e 
the precipitating antibodies, in these human sera were ' 
directed primarily against group A variant carbohydrate 
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the poly-rhamnose backbone, while the indirect 

a^? ati :V eChnigUeS direCt6d 3t ^ —P-cipitating 
antibodies detected a high titer of antibodies to the 

N-acetylglucosamine determinant. 

Subsequent studies by Zimmerman et al (23) , employing 

ZZr d \T 3 " St ~-al infections, 

located that the incidence of these non-precipitating 
antxbod.es varied from a low of 30 % in a population, 
which had been carefully followed and treated for 
streptococcal infections, to a high of 84% in a populati<Jn 
recently infected with group A Streptococci, 
noted that antibody titers to the group A carbohydrate 
peaked at age 17 and that there was no difference in 
antibody titers to this carbohydrate in rheumatics with 
and wxthout heart disease. These results differed from 
those reported by Dudding and Ayoub in which anti-group A 
carbohydrate antibodies were persistently elevated in 

src d ::r patients -~ - — ~ 

The question of whether or not these antibodies play 
a role in protection has been difficult to assess. The 
classic opsonophagocytosis assay of Lancefield used 
selected whole human blood (15 25 2Z\ fo „k- k u 
rabbit -.u , 25,26) to which hyperimmune 

rabbit sera with known M protein serotype specific 
antibodies were added. The selection of the whole human 
blood was based on two facts; (i, it containe(J nQ „ 
Protein reactive antibodies and/or ( 2) would not promote 
Phagocytosis of streptococci in the absence of the 
serotype specific rabbit antiserum. The question whether 
the normal human sera per se could enhance phagocytosis 
was never really addressed. 
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SUMMARY OF THE TMVPMtta N 

This invention provides an immunogenic composition 
for protecting mammals against infection by group A 
Streptococcal bacteria. The immunogenic composition 
comprises an immunogenic amount of group A Streptococcus 
polysaccharide (GASP) having the following structure: 
[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( l-] n R; 

1 (I) 

3-D-GlcpNAc 

wherein R is a terminal reducing L-rhamnose or D-GlcpNAc 
and n is a number sufficiently large to define a 
polysaccharide of sufficient average molecular weight to 
provide an immunogenic response to the B-D-GlcpNAc residue 
glycosidically linked to position 3 of rhamnose and a 

LT er ',>, ThiS regi ° n ° f ^ GASP d6fineS an w^ch 
induces the formation of bactericidal antibodies 

The GASP which is present in the immunogenic 
compositions may be in the form of free polysaccharide or 
as a component of a conjugate in which the GASP is 
covalently linked to phospholipid capable of forming a 
liposome or a protein. Native or recombinant bacterial 
protein such as tetanus toxoid, cholera toxin, diphtheria 
toxoid, or CRM I97 are examples of suitable proteins useful 
as conjugates, m another embodiment an immunogenic 
protein is incorporated into the liposome containing GASP 
covalently linked to phospholipid. 

The immunogenic composition is also useful as a 
vaccine and may further comprise an adjuvant such as 
aluminum hydroxide, aluminum phosphate, monophosphoryl 
lipid A, QS21 or stearyl tyrosine. The immunogenic 
composition of this invention are capable of eliciting 
active and passive protection against infection by group A 
streptococcal infection. For passive protection, 
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mamma 



immunogenic antibodies are produced by immunizing a mammal 
wxth a vaccine made of the immunogenic composition of the 
invention and then recovering the immunogenic antibodies 
from the mammal. v 

This invention also provides methods of immunizing a 
1 agaxnst infection by group A Streptococcal bacteria 
by administering an immunogenic amount of the compositions 
of the invention. 

In another embodiment, this invention provides a 
method of making an immunogenic composition comprising 
covalently linking GASP to liposomes; dissolving the 
liposomes in a buffer suitable for solubilizing 
hydrophobic proteins; combining the dissolved liposomes 
with protein dissolved in buffer to form a complex of 
liposomes and protein. The protein/liposome complex is 
then separated from the buffer. 

An object of this invention is to provide immunogenic 
compositions useful for raising antibodies which have 
application for prophylactic and diagnostic purposes 
Another object of this invention is to provide a method 
for immunizing a mammal against group A Streptococcal 
bacteria by administering an immunogenic amount of GASP 
Another object is to provide methods of covalently linking 
the GASP to a protein to form an immunogen conjugate m 
a preferred embodiment, the conjugate has a formula of: 

[-2 ) -a-L-Rhap- ( 1.3 ) -a-L-Rhap- ( i„ j „. R , - C H 2 -NH-protein 

T 

1 (I) 
6-D-GlcpNAc 

wherein R' is the product of reduction and oxidation of 
the terminal reducing sugar. A further object of this 
invention is the use of the iWunogenic compositions to 
provide protection against infection by' group A 
Streptococcus in those populations' most at risk of 
contracting group a Streptococcal infections and disease 
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namely adults, pregnant women and, 
and children. 



in particular, infants 
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Fig. l schematically, represents the structural design 
of group (A carbohydrate 4nd the group A Variant 
carbohydrate^. Thi depiction of the three dimensional 
structure of the gUp A carbohydrate c 
observation that tie serological specificity of the 
carbohydrate is dirWed towards the N-acethylgi UC osamine 
moiety of the carbohydrate . 

Fig. 2 graphically illustrates the ELISA titer 
determinations of group A Streptococcal carbohydrate 
anybodies in normal children at the age of 5 and 10 years 
old from Trinidad and New York. The readings were end 
point determinations of i.o OD at 405 nm. 

Fig 3 graphically illustrates the inhibition ELISA 
studies with human sera known to have antibodies reactive 
to the croup A-lip osones . The sera were apprQpr 

diluted to give a value of i.o OD units at 405 nm and 
»«ed with varying concentrations of different antigens 
for l hr at 37-c, centrifuged for 5 min at 10,000 rpm. 
The supernatants were tested for reactivity in the ELISA 
assay as described in Example 3. The data represents the 
average of sera tested. 



.irect 



Fig. 4 graphically illustrates the 
bactericidal assay usinjp**^^^ tQ ^ 

IT* T W ^ ad ^ rto the tubes containing RPMI and 
comp ementa^nned in Example x. The initial in OC ulum 

T ^ ° f gr ° UP A_tYPe 6 st "Ptococci. *m^Qvjre 4 
shows^e growtn of the organ . sm . n fche rQtat A d tufaes J v- • 

coaming normal rabbit serum. -Panei-B shows the growth 
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in stationary tubes withhuman^^ high .LISA 

titer reacl^^ 

the inhih«I5-„ of growth with the same humanVum as in 
'1 B but in a rotated tube. 

Fig. 5 graphically illustrates the indirect 
bactericidal assays as described in Fig. 4 . The organisffls 
were a serotype 3 (strain D58/11/3), a serotype 6 (strain 
S43), a serotype 14 (strain S23/101/5) , and a serotype 28 
(strain T28/isoA/5) . The left axis depicts the numblr of 
colony forming units in the rotated verses the stationary 
tubes. The right axis denotes the percentage in Killing 
of the organisms in the rotated versus the stationary 
tubes • 1 



Fig. 6 graphically illustrates the effect of heparin 
on indirect bactericidal assays. The indirect 
bactericidal assay was performed as described but in 
duplicate. Heparin (5 units/ml) was added to one set of 
stationary and routed tubes, while the other set of tubes 
served as the normal bactericidal assay controls. The 
standard amount of heparin used in bactericidal assays 
fashioned after that described by Lancefield is io 
units/ml (33-35,. As can be seen, heparin, at half the 
usually described concentration, drastically reduces the 
amount of anti-Group A carbohydrate antibody dependent 
Killing. 

Fig. 7 graphically illustrates bactericidal assays of 
ant! group A assays carbohydrate t . ters ^ ^ 

ELISA assay. 17 individual human sera were tested in both 
assays using the serotype 6 organisms. Note that all sera 
(13/13) exhibiting a CHO titer areater than 200,000 - 
exhibit greater than 80% killing in the/'bacterial assay 
in contrast, only one out of 4 sera withVtiters less than 
200,000 promoted opsonophagocytosis of the organisms and" 
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the degree of phagocytosis was much less than that 
observed with sera of higher titer. 

Fig. 8 graphically illustrates ppsonophagocytic 
.. bactericidal assays as described in Example 1 

Phagocytosis of the organisms is depicted in percentage of 
Jcillmg of the organism compared to the stationary 
controls. Bars indicate percent killing before adsorption 
with the N-acetylglucosamine affinity column, after 
absorption with the affinity column, and percent killing 
of antibodies eluted from the column. Note the complete 
absence of kining of all sera after absorption with the 
N-acetylglucosamine affinity column and the partial 
recovery of the opsonophagocytic bactericidal activity 
after elution of the antibodies from the affinity column 
The standard error is shown in each case except in the 
absorbed sera where there was a complete lack of killing. 

Fig. 9 graphically illustrates the opsonophagocytic 
mdex of a rabbit serum known to have high titers of anti- 
Gr.A carbohydrate antibodies after immunization with group 
A streptococcal carbohydrate. Phagocytosis of the 
organisms is depicted as percentage of killing of the 
organism compared to the stationary controls. Note the 
lack of phagocytosis of the organism with titers <50,000 
a gradual increase in killing with titers of 75,000 and ' 
complete phagocytosis with titers above 100,000. The 
organism used for these studies was a group A type 6 
strain and the inoculum was 4 colony forming units. 

DETAILED PE.SCRTPTTnw THE tnvfntt™ 

In view of the known serological data detecting 
carbohydrate antibodies in human sera, coupled with the 
age related induction of protection by other carbohydrate 
antigens, namely, pneumococcal (27) meningococcal (4), and 
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Haemophilus polysaccharides ,5), we decided to reexamine 
various human sera for the presence of carbohydrate 
antibody i„ bo th normal populations and in those with 
streptococcai infections. Also included in these studies 
"ere patients with post streptococcal seguelae. Purif < 
group A carbohydrate was covalently linked to synthetic 
P osphatidylethanolamine, incorporated into Uposo.es. and 

that nt.bo.Ues to the group A carbohydrate antigen are 
readily detected in human sera. Furthermore, depending on 
the geography population and exposure to streptococcal 
disease, the amount of these antibodies has an age related 
dependence. A rise in antibody titer to the group A 
carbohydrate was also demonstrated following a known 
streptococcal infection. To address the guestion whether 
or not these anubodies or a portion of these antibodies 
reactrve to the group A carbohydrate could promote 
opsonophagocytosis, we used a modified Lancefield 
bactericidal assay. The resulting data demonstrate that 
these anybodies are opsonic and the epitope to which 
these opsonic group A carbohydrate antibodies are directed 
are the non-reducing terminal N-acetyl„l„ccsami„e 
residues. 

The invention provides both an immunogenic 

composition and method of immunization for protection in 
« s , pre , erably humanS( aga . nst infect . on ^ 

Streptococcal bacteria. The immunogenic conjugates of 
this invention are formed by covalently attaching group A 
Streptococcus polysaccharide (GASP) to a suitable protein 
or liposome forming phospholipid. 

isolation and growth of group a Streptococcus and 
Preparation of the group A polysaccharide is accomplished 
according to the procedures as described by McCarty (28) 
and Dubois et al. (31, which are incorporated herein by 
reference. The isolated GASP has the following chemical 
structure: 
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C-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( l-»] n — -R 
T 

1 (I) 
6-D-GlcpNAc 

wherein R is a terminal reducing L-rhamnose or D-GlcpNAc 
and n is a number of repeat units sufficiently large to 
define a polysaccharide of sufficient average molecular 
weight to be immunogenic. Preferably n is from about 1 tQ 
about 50. Even more preferably, n is from about 3 to 
about 30 with an optimal amount of about 20. As used 
herein, the term polysaccharide is meant to include any 
polymer of saccharides and includes disaccharides 
oligosaccharides, etc. Cultures of group A variant 
Streptococcus, which produce the above polysaccharide 
structure are deposited with the American Type Culture 
Collection, f£MZt*rm.- gasp should be of sufficient 
size to elicit an immunogenic response in individuals 
Most preferably the average molecular weight is about 

kilodaltons. A single repeat amount of the GASP 
has a molecular weight of about 500 -tesfeedaltons. 

In a preferred embodiment of the inventor, the GASP 
is covalently bound to protein to form a conjugate. Such 
conjugates preferably convert the immunogenic response to 
the polysaccharide for one which is T-cell independent to 
T-cell dependent. Accordingly, any protein or fragment 
thereof which is tolerated by the individual and capable 
of eliciting a T-cell dependent response is suitable for a 
con D ugatory to GASP. Essentially any protein could serve 
as a conjugate protein. Specifically the selected protein 
must possess at least one free amino group for use in 
conjugation with the group A polysaccharide. Preferably 
the protein is any native or recombinant bacterial protein 
and is itself an immunogen eliciting T-cell dependent 
responses in both young and adult mammals. Examples of 
such proteins include, but are not limited to, tetanus 
toxoid, cholera toxin, diphtheria toxoid and CRM,„. other 
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candidates for conjugate proteins include toxins or 
toxoids of pseudomonas, staphylococcus, streptococcus 
pertussis and entertoxigenic bacteria including 

Escherichia coli. 

In , preferred eminent, the conjugate molecules of 
this ln ven tl on comprise a protein core to which the gaIp 

L7 u9h a Boditied i °™ ° f the tOTi - ai ^ 

-gar. SuC h conjugate molecules would therefore comprise 
monofunctionalized GASP bound protein. Preferably a 
Plurality of gasp, more specifically between about ! and 
12 GASP are bound to each protein. „ost preferably, at 
least about 5 GASP are bound to each protein 

in another embodiment GASP are bound to protein 
through two or .ore sites on each GASP, since the 
bactericida! epitope appears to be present on the branches 
0 t e GASP repeat units, functionality of the GASP 
and l^age to protein should be effected in a » a „„ er 
which preserves an immunogenic amount of bactericidal 
epitope. 

native^ Pr0t6inS t0 WhiCh GASP iS C ° n ^ted -y be 
native toxin or a detoxified toxin (i.e. toxoid). Also 

non-toxic National forms of protein toxins may also be 
se Preferably , such mutatiQns epitopes 

native toxin, such stated toxins have been termed "cross 
reacting materials", or CKMs. C RM I97 which has a single 

r ! Cid Change fr ° m the active ^Phtheria toxin and is 
—ogically indistinguishable from it is . 

b e Ha T° P inflUBnZae C ° njUgate VaCci " e has 

been widely used in infants. 

A culture of Corynebacteriu* ,i phth eri a strain C7 
(B197) , which produces CRM I97 prot£ 
the American Type Culture Collect? 
(accession number ATCC 53281). 

Fragments of proteins may also be used for 
conjugating to GASP provided they are of sufficient 
length, i.e. /preferably at least 10 amino acids to define 
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a T-cell epitope. 

Numerous methods of conjugation may be employed to 
create the group A polysaccharide-protein conjugate of 
this invention. Preferably the method used would be one 
which preserves the immunogenicity of the bactericidal 
epitope present on the 0-D-GlcpNAc branches which are 
glycosidically linked to position 3 of rhamnose. When a 
single GASP bonds two or more protein molecules, the 
resulting conjugate is crossed-linked with respect to the 
protein. The degree of cross-linking and overall size of 
the connate molecule may be regulated by routine 
variation in the conditions used during the conjugation 
reaction which are well known to those of ordinary skin 
in the art. Such variations include for example, the rate 
of conjugation reaction and the ratio of proteins and GASP 
present in the reaction mixture. 

Various chemical methods for conjugating 
polysaccharides to protein are known and have been 
described in the art. For example, U.S. Patent 4,644,059 
which ls incorporated herein by reference, describes a 
conjugate made using adipic acid dihydrazide (ADH) as a 
homodifunctional linker. U.S. Patent. 4,695,624, which is 
also incorporated herein by reference describes methods of 
preparing polysaccharides and conjugates by using 
bigeneric spacers, a survey of various methods of 
Preparation and factors used in designing conjugates is 
discussed in Dick, William E. and Michel Beurret, Contrib 
^^lo^^^ {198Q)i Vol> 1Qf pp> 48 _ n4 an ^~ 

also incorporated herein by reference. The preferred 
method of conjugation for the GASP-protein conjugates of 
this invention is reductive amination as described in U S 
Patent 4,356,170 which is also incorporated herein by 
reference. Briefly, in the preferred embodiment, the 
terminal reducing sugar of the GASP is reduced to open the 
ring by using a mild reducing agent, e.g. sodium 
borohydride or its equivalent. 
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Next, selects oxidation with sodium metaperiodate 
or it. equivalent is used to oxidize the terminal vicinal 
hydroxyl groups of the previously reduced sugar moiety 
forming a terminal aldehyde group. This forms an 
activated GASP which is now capable of covalentlv 
attaching to the selected protein carrier. In another 
embodiment of this invention this activated gasp may also 
be covalently linked to a phospholipid such as 
phosphatidylethanolamine which are in the form of 
liposomes. The chemical structure nf 

as follows: structure of the activated GASP is 
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[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( 1^ J „— 



-R'CHO 



B-D-GlcpNAc 

"herein R' is the product of reduction and oxidation of 
the tergal reducing sugar except for the portion of the 
terminai reducing sugar „„ ich fo _ ^ _ 

(CHO • Approximately 10 m, of polysaccharide is suitably 
oxidized with about ! ,1 0 , approximate^ 2 „ „ sodium 
metaperiodate solution for about 10-15 minutes at room 
temperature. The reaction time can be varied to 
accomodate other amounts of periodate to obtain 
equivalent oxidation. Reduction and opening of the 
terminal reducing sugar causes the vicinal hydroxyl groups 
on the reducing sugar to be much more reactive than Lse 
present on the glycosidically linked p-D-Gl= P N A c branches 
However, additional linkage sites may occur as wel! 

/» GlcpNAc rescues. The activated GASP and the selected 
=on,ug. tl n, protein are then conjugated in the presence of 
cyanoborohydrate ions, „ another reducing agent, by 
coupling the amino groups of the carrier protein to the 
terminal aldehyde groups of the GASP. The group A 
polysaccharide and the protein are thereby linked through 
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a -CH 2 -NH- protein linkages in formula II. 

t-2)-a-L-Rhap.(i-3)-o-L-Rhap.(i^] R ,_ CH m „ + . 

3 ^ VA Jn K c H 2 -NH-protein 

T 
1 

B-D-GlcpNAc 

(II) 

™L r ti Ulti " 5 GASP - Pr ° teln -J**- ««» the reductive 
•minaticn process preferably have limited cross-li„ki„, 

«d are preferably soluble in aqueous solutions. This 
makes the GASP-protein conjugate of the invention a 
preferred candidate for vaccine use. 

In another embodiment of the invention, G*SP are 

ZTT In liP ° S °" eS t0tminq " l ~ m *~*> -position. 

abil t f *™ 0fte " ^ C °" jU5ateS *- «« 'heir 

ability for inducing , -capping" e£fect 0 „ B . lyl , ph 

Without being bound by theory, the GASP-liposomT 
conjugates are believed to increase antibody titers 
through capping thereby activating B-cell lymphocytes. 
The capping phenomena is well known i„ the field of 
cellular biology. Briefly, due to the liposomal 
structural features, liposomes are capable of being 
embedded with an antigen, thereby creating multivalent 
immunogenic structures, since receptor molecules in the 
cell membrane of liposomes are mobile many of these 
receptors can be cross-linked by divalent reagents to form 
areas of two-dimensiona! precipitation or "patch , 
These patches will coalesce or cluster at the polar ends 

of the lymphocyte. This act of antigen capping to B-ceU 

lymphoIJtes antib ° dy Pr0dUCUOn » "» 

Various methods for conjugating polysaccharides to 
liposomes are known and have been described in the art 
For example, „. s . Patent 5,283, 185 which is incorporated 
herein by reference, describes the transfer of nucleic 
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acxds ln to cells by preparing a mixed lip id dispersion of 
a c txonxc l lpid with a co-lipid and then introducing 
nuclexc acids into the dispersion forming a complex 
Cells are then treated with this complex. lB a preferred 
embedment of this invention, liposomes are produced by 
dispersing a lipid in an aqueous solution by either 
miction through a fine needle or preferably by 
somcation as described in Fillit, h.M. Milan Blake 
Christa MacDonald and Maclyn Mccarty (i 988 ) 
immunogenicity of liposome-bound hyaluronate in mice J 

Exp. Me<i . 168:971-Qfl? ttK^u • • ' 

— * xbd.gyi 982 , which is incorporated herein by 

reference. J 

To prepare a liposomes containing phospholipid 
covalently linked to the GASP component, liposomes are 
formed by Wn methods . For ^ ^ ^ 

of this invention phospnatidylethanolamine is dissolved in 
a olvent such as OUoroform and added to a vessel. The 
chlo rofor lvent is th ^ by ^ ^ 

with phosphatidyl ethanclamine. An aqueous buffer such as 
water or phosphate buffered saline (PBS, is^ST added to 

GASP which has been activated preferably by reduction 
followed by oxidation is then added to the liposomes in an 
equal molar amount and the two components are mixed 

ZIZTV" PreSenCe ° f SUit3ble ■»«« «* - 
saline Riser's solution or most preferably phosphate 

buffered saline (PBS) . sodium cyanoborohydride is then 
added to the fixture to form the stable covalent li nlta g e 
between the phosphatidylethanolamine and the GASP 
polysaccharide. The final product as shown in Formula m 
may be separated from the sodium cyanoborohydride by 
centrifugation, molecular seive chromatography or 
dialysis. 
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[-2 ) -a-L-Rhap- ( 1-3 ) -a-L-Rhap- ( l-+] n R • -CH 2 -NH-tf 

t 

i (in) 

B-D-GlcpNAc 

R' and n in formula III are as previously described and R 2 
is phosphatidylethanolamine. 

In a preferred embodiment the GASP-lip OS omes are 
combined with protein to incorporate hydrophobic protein 
into the liposomes. According to one method, the GASP- 
liposomes are solubilized in a 5% solution of 0- 
octylglucoside. The protein to be added to the liposome 
is also solubilized in 5% /J-octylglucoside and the protein 
and liposomes are combined. After mixing to incorporate 
the protein into liposome, the /J-octylglucoside is removed 
by dialysis. The resulting GASP-liposome-protein complex 
may then be used as an immunogen or vaccine. 

GASP may also be linked to phospholipids using other 
less preferred techniques such as by using benzoquinone as 
described in Fillit, H.M., M. McCarty, and M.S. Blake 
(1986), the induction of antibodies to hyaluronic acid by 
immunization of rabbits with encapsulated streptococci 
- J - EXP - 164 ^2-776, which is incorporated herein by 

reference. However, the use of such reagents may not be 
desirable if the composition is to be used as a vaccine. 

The immunogenic compositions of the invention may be 
used as a means for raising antibodies useful for 
prophylactic and diagnostic purposes. Diagnostics are 
particularly useful in monitoring and detecting various 
infections and disease caused by group A Streptococci 
Another embodiment of the invention uses the immunogenic 
compositions as an immunogen for use in both active and 
passive immunogenic protection in those individuals at 
risk of contacting group A Streptococcal infections or 
disease. The immunogenic antibodies used for passive 
protection are produced by immunizing a mammal with any of 
the immunogenic composition of the invention and then 
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recovering the bactericidal antibodies in a gamma globulin 
fraction or as serum, or as specific antibodies from the 
mammals. As used herein, the vaccines of this invention 
are capable of eliciting antibodies useful §f providing 
protection against infection of group A Streptococcal 
bacteria. 

Additionally, the group A polysaccharide may be used 
on its own as an immunizing agent preferably associated 
with an adjuvant such as aluminum hydroxide, aluminum 
phosphate, monophosphoryl lipid A, QS21 or stearyl 
tyrosine. A further embodiment of the invention is to 
use the immunogenic compositions as immunogenic protection 
against infection by group A Streptococcus, in 
particular, this invention would provide protection for 
those populations most at risk of contracting group A 
Streptococcal infections and disease namely adults, 
pregnant women and in particular infants and children. 

The immunogenic composition and vaccines of the 
invention are typically formed by dispersing the GASP or 
conjugate in a suitable pharmaceutical^ acceptable 
carrier, such as physiological saline, phosphate buffered 
saline or other injectable liquids. The vaccine is 
administered parenterally, for example subcutaneously, 
intraperitoneal^, or intramuscularly. Additives 
customary in vaccines may also be present, for example 
stabilizers such as lactose or sorbitol and adjuvants such 
as aluminum phosphate, aluminum hydroxide, aluminum 
sulphate, monophosphoryl lipid A, QS21 or stearyl 
tyrosine. 

The dose of immunogenic compositions will be that 
which will elicit immunogenically effective results. 
Dosages will normally be within the range of about 0.01 Mg 
to about 10 i± q per kilogram of body weight. A series of 
doses may be given for optimum immunity. Dosage unit 
forms of the vaccine can be provided with amounts of GASP 
or conjugate equivalent to from about 0.01 M g to about 10 
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micrograms. 

The invention is illustrated by the following non- 
limiting examples. 

Example i 

The methods for growth, preparation and assay for 
group A streptococcal carbohydrate antibodies and their 
use as a novel vaccine in adults and children are 
enumerated as follows: 

Growth of group A strep t.nnnnw.« 

A -70°C seed stock of group A Streptococcus was 
streaked onto a medium plate which contains 3g/L Todd 
Hewitt Broth and 3 g/L yeast extract (GAS medium) . The 
Plate was incubated at 37°C for 48 hrs., at which time 
colonies (8-9) were transferred to a 200 ml GAS medium' 
shake flask and grown for 18 hrs. at 37°c and 120 rpm. 
The seed culture (150 ml) was transferred to a 1 5L 
fermentor (New Brunswick, BioFlo 4) in Todd Hewitt Broth 
The culture is grown for 7-8 hrs. at pH 7.0 and 37«C 
Glucose was added at 3 g/L when the culture reaches a 
stationary phase (optical density at 600 nm around l 5) 
The culture was allowed to grow for an additional 8 hrs 
and harvested. The final optical density is approximately 
2.7 at 600 nm. 

P reparation of group A Streptococci r oi vsaRnhai .^ a 

Sixty grams of group A strgpt^oeffiTc^fs in 600 ml 
water were combined •wlth^Tof 4 N sodium nitrite and 
75 ml of glacia^a-cetic acid. The solution was mixed for 
15 ainutes^lTcentrifuged for 10 minutes at 11,000 rpm in 
a SS34/rotor. The supernatant was removed, dialy 2 ed 
--'.nst water and lyophilized. The group A polysaccharide 
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was purified from the crude ijophilized extract by gel - 
filtration through a Se?rUat£V-50 column tfharma^ia)" 
using PBS as eluant. Fractions elu^ing^m the column 
were monitored for the presenpe-ol^arbohydrate using the 
phenolsulfuric acid assay>-6f Dubois (31) . The 
carbohydrate posit^fractions were pooled, dialyzed at 
4»C against watered lyophilized. The polysaccharide 
preparation^ 0 rag) contained less than 1% (w/w) proteins 
and nucleic acids. Its purity was further confirmed by 
'H-fJMfc at 500 MHz using an AM-500 BRUKER spectrometer. 

Preparation of Liposome; Group A Streptococcal 
carbohydrate was isolated by methods previously described 
by Mccarty (28). The lyophilized material was 
resuspended, adjusted to 10 mg/ml and covalently linked to 
liposomes using methods previously described by Fillit et 
al. (18) using benzoguinone as a linking agent which is 
incorporated herein by reference for Streptococcal 
hyaluronate. Briefly, GASP is reacted with benzoguinone to 
form an activated intermediate. This intermediate is then 
further reacted with phosphatidylethanolamine in the form 
of liposome to form the immunogenic GASP-liposome 
conjugate. 



ELISA Assays: The ELISA method was essentially>ttiat^ 
25 described by Fillit et al (18) with thj^llowing 
modifications. Preliminary tesUngl^ith human sera 
indicated that 0.5 ^g CHO^mTln PBS, pH 7.2 of the 
liposomal preparation^lensitize the microtiter plates 
give the best resu<r£s with minimal background readings 
30 against the liposomal control preparations. Accordingly, 
100 /xl of^rffe preparation is placed per well in microtiter 
plates/f D ynatech plates, USA) and incubated at 37» c 
overnight. The plates were then washed 3x in EUSA wash 
buffer (10 mM NaAcetate, 100 mM NaCl, 0.1% BrPfts, ph 
8.0). The human sera was diluted in the same ELISA buffer 
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and 100^1 of a given serum dilution was placed in the 
Plates and incubated 1 hour at 37'C. All^ra were run in 
duplicate. After appropriate washes^!, ooo dilution of 
Goat F(ab',2 anti-human Ig G (g^chain specific) or IgM 
(Mu chain specific) , alka^Tphosphatase conjugate (Tago 
inc., USA) was used as^ secondary antibody and incubated 
for an additional^ at 3 7 o C . After 3 additional washes 
xn ELISA buffed a phosphatase substrate (Sigma 104) in 
0.1 M Dieth^olamine, pH 9.6 was added to the wells the 
Plates i^ubated at 37-c for 1 hour and read on Elida V ' 
(Phys^fa co.) instrument at 405 nm. The titer was 
reported as that dilution which gave a reading of i.o. 

Bacte ricidal Assay s- The indirect bactericidal assay 
described by Lancefield (15,25,26) was performed as 
follows: organisms of the various strains are grown for 18 
hrs. at 37-c in Todd Hewitt broth. A sample of the 
overnight culture was first diluted 1:2 in fresh Todd 
Hewitt broth and grown for an addition 2 hours at 37-c 
The suspension was diluted to l:ioo followed by serial two 
fold dilutions in order to deliver between 5-15 colonies 
in 50 ,1 of Todd Hewitt broth. Heparinized blood was used 
for the source of human phagocytes, m order to avoid the 
presence of autologous plasma in the phagocytic 
suspension, the blood was centrifuged at 2,000 rpm for 10 
minutes, the plasma was removed, the pellet is washed 3X 
m PBS ( P H 7.2) and finally resuspended with rpmi 
(Gibco-BRL, Co., Rockville, MD) to the same volume as the 
original blood sample. Complement was supplied to the 
assay system by using freshly isolated serum from a normal 
donor known to contain low amounts of anticarbohydrate 
antibody and which had been repeatedly absorbed at 0»C 
w.th group A Streptococci and stored in aliquots at -70«c 
(29). Prior to use, this source of complement was 
analyzed for both complement activity and the absence of 
group a carbohydrate antibodies. The bactericidal assay 
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was pe rforraed in duplicate in ^ ^ ^ 
mixture was as follows: 300 ,1 of human phagocytes 
suspended in rpmi, 100 ,1 human complement, 200 M i of tne 
serum to be tested, and 50 in o£ the diluted 
streptococcal culture. As in the Lancefield assay, one of 
the duplicate tubes was rotated end over end for 3 hours 
at 37-c and the second tube, which serves as a control 
remains stationary at the same temperature. After 3 ' 
hours, 100 ,1 of each tube was plated on blood agar pour 
Plates and mcubated overnight at 3 7 o C . The number of 
colonies on each plate was then counted. The 
opsonophagocytic activity was calculated as the percent of 
streptococcal killing of a particular serum by the 

^atioT TT i0n '' (1 " CfU " Se ™' Cfu - 

stationary tube) X 100. 

^.LTl ^°^ U Sr PenSi ° n » ^glucosamine 

coupled to Sepharose-beaifs (Sigma Chemical Co.) i„ PBS 

placed into a sterile eppendorf ^ and 
4-c at 14 ,ooo RPH for 10 minutes. The supernatant was 
removed and 3 00 „1 of serum added to the beads. The 
suspension was rotated end over end for 1 hour at 37-c 
Following a second centrifugation under the same 

conditions, the absorbed serum was removed and used in the 
bact , al a/4ay as desoribed ^ Tq he 

H-acetylgiucosamine antibodies from the affinity column 
the beads containing the absorbed antibodies were packed 
in ai ml tubercuiin syringe over which a solution of 
0-5« (v/v) glacial acetic acid in 0.15 H NaCl, P H 2 2 is 

anTtt elUant iS "° nit0red ty abS °^"- « >«i ™ 

nd .the peak fractions collected, dialyzed against PBS, p„ 

•2, and concentrated back to the original volume of serum 

usrng an Amicon centriprep, 30 concentrator (Amicon, 

Beverly, MA) . \ 
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mm-Smu. individuals included in this study were fro* 
Traded, Meu Vork city , and the ^ - «*- 

Trai "; n? St " 10 ' 1 - H« ranged t roa 5- 20 yrs Blood 

was obtained by venipuncture and seru. collected 
standard sterile technics. All sera were aoe 2 
and health condition .etched as shown i„ ab ? t ^ 



TABLE I 



Population Distributi 



on 




Patients 



Normal Children - Trinidad 



Normal Children - Trinidad 



Normal Children - New York 



Normal Children - WoT ., Yor]c 



Rheumatic Fever - Tr inid^H 
Nephritis - Trinidad 
Uncomplicated Scarlet Fev^ r 
Complicated Sc arlPt Fever (ARF) 



Age 
Otears) 

5_ 

10 

5_ 

10 

2 

18-20 



18-20 



No. of 
Patients 

_36 

16 

22 

22 

19 

18 
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sera/Qo 



Bactericidal .^M , Having established that hunan ., 
contain group A carbohydrate antibodies and that thex 
titers of these antibodies do vary in individuals^ next 
addressed the guestion of whether these antibodS wouU 
also promote opsonophagocytosis in an in vitro assav 

ZT\ The f baCtericld>1 - -H-Slly that used 

by Dr. Lancefield ,»,„.,„ for tesMn^an se „ 

the modifications as outlined aboyZ Figure 4 is 
illustrative of the results of>e phagocytic assays. 
Using an inocuiun of nine cojrony forming units of a 
serotype 6 group A strepjrffoccal strain, there was a 
.ar,ed increase in timber of colonies in therotated 

Panel " T "T^ ~ ^ «™> 
Pane B shows ^ight increase in the stationary tube in 



which the human serum was used, m marked contrast, the 
rotated txlTe containing th. human serum (flheK, 



\ 



pM¥K^ Sh6d ^ 9rOWth ° f the ° rganisras (co»pare 

To be sure that the observed opsonophagocytosis of 
group A Streptococci was not limited to one serotype 
these experiments were repeated using three other group A 
strains of differing M protein serotypes. As seen in 
Figure 5, an of the other three strains were phagocytosed 
in the presence of human sera in a manner similar to that 
observed for the type 6 strain. The percentage of kil ling 
var led for 80 _ 100% when the rotated versus J^^ 11 ^ 

tubes were compared. The serotype 3, 14, 28 strains are 
the identical strains utilized by Dr. Lancefield in her 
phagocytic assays (15,25,26). 



Relationship h 0 n«,» n thB Antl -. PHn ^ 




lira: Employing the 



SBlPnophaaoPYi-nc^ hy n ,^. 

phagocytic assay, j><H Ba - +.u =4 . . 
their a(l n> * hUman sera di «ered in 

their abili^-To promote phagocytosis of group a 
Strep^cci. In general tne phagocyt . c propert . es Qf 

*en serum correlated with the titers of the antigroup A 
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carbohydrate antibodies. As seen in rimjte-^^T 'sera 
exhibiting titers greater than^Te^ e d ^ 

I" '"t? 9 ' «- «« sera 

titers less thanjo^ did „ 0( .. 0ne ^ ^ a 

t ter of 40^ala promote phagocytosis but the degree of 

ant l6SS that ° bSerVed " ith »** titered 

ant^rCHO sera. 

Studies of phaanryi-ne is by him. n sera , n . _ . , 

y_ rsus h. P a rin fr ^ M! BecausT^flhT^bTI^ 
of heparin to bind and inactivate numerous components of 
complement and to correlate our phagocytic assay with 
t ose which had been previously used, the opsonophagocytic 
abilities of normal human sera described above were tested 
in phagocytic assays in the presence and absence of 
Heparin. Heparinized human blood was drawn by 
venip t „ ashed extensively ln ^ 

and divided into two aliquots. one aiiguot was 
resuspended to the original volume with RPMI and the 
opsonic assay was performed as described above The 
second aliguot was treated in the same manner but with the 
addition of 5 units per .1 of heparin following „ hich the 
assay was carried out in the same manner as the other 
aliquot. 

The results depicted in Figure 6 reveal that in the 
absene f heparin there wag Qn ^ 

of the Group A streptococci by the human 

« the p resence of heparin, the same serum was only able 

to achieve an average 12% phagocytosis of the same 

inoculum. 



.Absorption Fvporimnpts: In an effort to 
part of the streptococcal , 



ine which 
ydrate moiety was 
responsible ^^bactericidal activity, human 
absorbed wit-rN-acetylglucosami: 



sera were 

a* u . • ne cou P led sepharose beads 

as described m the methods secti, 



on. Absorbed and 
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non-absorbed sera were then used in the standard 
bactericidal assay. Figure 7 shows the results of these 
experiments. The unabsorbed serum clearly enhanced 
Phagocytosis of the streptococci, in contrast, the serum 
absorbed with the N-acetylglucosamine coupled beads 
removed the opsonizing antibodies. As a viability 
control, normal rabbit serum did not enhance phagocytosis 
These experiments indicate that the antibodies directed 
against the non-reducing terminal N-acetylglucosamine 
residue on group A carbohydrate were extremely important 
in the opsonophagocytosis of group A Streptococci in our 
bactericidal assays. To confirm these results, the 
antibodies from selected sera which had been absorbed to 
the N-acetylglucosamine affinity column were eluted and 
used in the bactericidal assay. As also shown in Figure 
9, these experiments demonstrated that N-acetylglucosamine 
specific antibodies eluted from the affinity column were 
capable of partially restoring the opsonophagocytic 
bactericidal activity of the serum. 

Using methods designed to measure both precipitating 
and non-precipitating antibodies reactive to group A 
Streptococcal carbohydrate, this carbohydrate was 
covalently linked to phosphatidylethanolamine and 
incorporated into a liposome capable of binding to 
microtiter plates. This method clearly demonstrates that 
the majority of human sera contain antibodies to group A 
Streptococcal polysaccharide. 

Surprisingly we found that children from different 
geographical locations exhibited marked differences in 
their titers to the group A carbohydrate. While the 
amount of streptococcal exposure (both impetigo and 
Pharyngitis) is greater in Trinidad compared to New York 
streptococcal infections are also common in New York, in 
this context, Zimmerman et al. (23) did note lower group A 
carbohydrate antibody titers in patients being carefully 
monitored and treated for group a Streptococcal infections 
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compared to a non-monitored group. Furthermore 
carbohydrate antigens in general are T cell independent 
and it is thus conceivable that repeated exposure to the 
antigen is needed to elicit the antibody response 

The studies with sera obtained from patients during 
the a te and convalescent ^ Qf scariet ^ 

that the antibody titers to group A Streptococcal 
carbohydrate were already present at the onset of disease 
but did increase two-fold during the convalescence, when 

S6ra follow i"g acute streptococcal infection were 
examined, the titers to the group A carbohydrate were 
lower at the time of presentation with the onset of 
scarlet fever compared to uncomplicated scarlet fever sera 
but lncreased four . fold at the of presentat . on w . th 

su ^ est ing perhaps a stronger immune response to the 
antigen compared to uncomplicated scarlet fever patients 
The antibody titers to group A carbohydrate was 
significantly lower than those seen in scarlet fever 
patients who did not develop ARF. Inhibition studies with 
group A and group A variant carbohydrate clearly 
demonstrate that the majority of these antibodies are 
directed towards the group A specific nonreducing terminal 
N-acetylglucosamine residue on the group carbohydrate and 
not against the rhamnose backbone. 

The question of whether these carbohydrate antibodies 
promote opsonophagocytosisj* group A Streptococci has 
been answered affirmatively and the degree of opsonization 
correlated well with the level of anti-carbohydrate 
antibodies. ELISA titers of less than 100,000 were 
generally ineffective while the majority of sera with 
titers greater than 200,000 promoted phagocytosis. An 
important observation was the fact that this 
opsonophagocytosis was not limited to one serotype of 
group a Streptococci since at least three other strains of 
different serotypes were also phagocytized. The 
importance of the role of the N-acetylglucosamine reactive 
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30 



35 



antibodies in opsonization was attested to by the fact 
that the absorption of these antibodies from human sera 
completely abolished the bactericidal activity of the sera 
and that, when these antibodies were eluted and added 
to the bactericidal assays, killing was restored 

Several observations concerning the kinet i cs of the 
ac e ric ^ 

First, only small inocula of streptococci in the 
bactericidal assay were effective while larger inocula 
often overwhelmed the ability of human sera to opsonize 
the organisms, secondly, the bactericidal activity 
primarily worked with undiluted sera in a manner si mi i ar 
to that observed by Dr . Lancefield in her studies of human 
sera and type specific antibodies (15 , 25(26)> In 

cont rast , animal sera immunized with a given type specific 
Protexn were effective even at dilutions of 1:2 o or more 



Examp le ? 



^-^M^Mito^ cur first efforts „ ere d 

cowards determining whether rvr 

xuy wnecner or not normal children 

developed antibodies to grouo A Strpnt- ■, 

and if ► «-•<- Streptococcal carbohydrate 

and if the titer of these antibodies varied with the 
ind 1Vid ual<s age and the geographical area in which the 

ividual lived. Accordingly, the group A carbohydrate 
eactive antibody titers were measured on sera obtained 
from normal 5 and 10 year olds in Trinidad (high 
streptococcal exposure) and compared with age matched 
ch 1 ren ln New York (lw streptococcal 

V aSSay d6SCribed in the materia ^ and methods 

sTo7' th 2 iUUStrateS that * the ^ ° f 5 y-rs, - 

y^s or the chil^>-c fy. ft>w m _ • . , , ' 

tr ° m T "ndad exhibited antibody 
titers less than 1: 10 ,ooo with an average antibody titer 
°f 1:158,472. These antibody titers were not 
significantly different fro, the sera of children tested 
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at 10 years of age. m contrast, 5 year olH 
the New York * ro * u-u-^ children in 

New York area exhibited si gnif icantly lower 

with an averaqe of i • s i nn • u . Lers 
j.. 9 0t 1 - 6 ' 100 which increased to 1:25 5oo hv 

the age of io years. Titers of pMi* • 1,25 ' 50 ° 
area in h^n children m the New York 

area in both age groups were clearly lower than the 
corresponding titers of children in Trinidad as 
demonstrated by the fact that 69% of the New York chin 
had titers greater than l:i 0/ ooo. ^ 
in order to determine whether the immune response . 

t e group A carbohydrate was either of the IgG 0 ?Z 
ass th ing . o 

sera exhibiting high titers to the grouo a n „ ^ 

«» .ppropri.t.!, a ilut . so that nr. l : : rr 

"•din, of i.o at 405 „„ in the elisa assav I I 

ws then tested with either . ° h SerU " 

T „ elther affinity purified human 

nu-rac or »„ti- Ig „ alkaline phosphatase 

h ? nd ; r : a " tib °<*- — - Tahie n the a or L o£ 
the a„ tlb ody detected against the streptococcal 

reactions were seen in the i gM class. 



TABLE II 



ELISA Determinations of Tar t „ „ . 

to the Streptococcal™ ?- 9M Antibod y Titers 
sptococcal CHO-Liposome Complex 
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Each serum was appropriately diluted to give a reading of 
1.0 optical density at 405 nra in the ELI DA V reader. 



Example 3 



PartiaT structural domination nf ^ a ^ Mp A rt>J>H . 4l> . 
antibodies ; Zimmerman et al (23) had previously 
demonstrated that some human sera contained antibodies 
reactive with the group carbohydrate isolated from group A 
variant streptococci and thus were directed at the poly- 
rhamnose backbone portion of the group A polysaccharide 
molecule. To determine the amount of these 
rhamnose-backbone reactive antibodies in comparison with 
antibodies reactive to the terminal N-acetylgluc 0sam i ne 
group A determinant in individual serum, inhibition 
studies of normal sera using both group A and group A 
variant purified carbohydrates were performed. As before 
the group A carbohydrate liposome complex was used to 
sensitize microtiter plates. A 100 „i of the appropriate 
serum was mixed with varying concentrations of 
carbohydrate and incubated for 1 hour in a 37'C water 
bath. The mixture was then centrifuged at 10,000 RPM for 
5 minutes and the supernatant reacted in the ELISA assay 
Controls included the serum mixed with saline. As shown 
m Figure 3, the majority of the antigroup a carbohydrate 
reactive antibody in normal sera was directed against the 
group a carbohydrate moiety, i.e. the N-acetylglucosamine 
determinant. Some inhibition was observed with the A 
variant carbohydrate but the amount needed to achieve the 
same degree of inhibition was 1,000-5,000 times greater 
than the group A carbohydrate, since group A variant 
carbohydrate is contaminated with approximately 4% 
N-acetylglucosamine (compared to 36% for group A 
carbohydrate) , some of the detected inhibition could be 
reactive with the remaining N-acetylglucosamine. This 
showed that the majority of the immunoreactivity of the 
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sera was directed at the N-acetylglucosamine moiety „ hich 
can be seen by the loss of group A antibody reactivity in 
the ELISA assay by the addition of purified 
N-acetylglucosamine (Sigma) . This can be directly 
compared with the lack of any inhibition by the addition 
of the closely related monosaccharide N-acetyl 
galactosamine. 



Example 4 



Comparison of *nH -g roup ^^arbo^drat e__ an tibodv r <«-.~ 
M£L ™^ £S£i ^^= To determine if antT-g^uTT" 
carbohydrate antibody titers differed in patients with 
well documented post streptococcal sequelae, serum samples 
obtamed from acute rheumatic fever patients (ARF) were 
compared to sera obtained from acute post streptococcal 
glomerulonephritis patients (APSGN, . All sera were 
obtained from well documented ARF and AGN patients 
hospit alized in Trinidad and vere ^ ^ ^ ^ 

during the acute stages of the disease. Table III 
summarizes the results and it can be seen that there was 
an increased reactivity to group a carbohydrate in the 
sera of APSGN patients «50%, compared to ARF patients at 
onset of disease. When compared to normal children in 
Trinidad, there was also a significant difference in 
titers between these patients and the titers of normal 
children in Trinidad (see Fig. 2). 



35 
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Example 5 



o™ection of^T^n^f^ 
obtained from patients all of who* had contracted scarlet 
7 ^ Great Lakes N -al Training station in 1946 

L ::: rd of t patients went ° n to devei ° p 

A*F Accordingly, sera were selected fro. these patients 
a- follows: 1} during the acute onsefc Qf scgriet ^ 

during the convalescent stage of the scarlet fever u 
weeks later,, or 3) during the onset of ARF (3-4 weeks) 
after the acute streptococcal infection. Table in 
demon strates that , in a Sfflan Qf cases> 

to the group A carbohydrate increased during the 
convalescent stages of disease uhan 

.... ^ y 1 aisease > when compared to the onset 

(defined as the time of presentation ,„•«-•, 

P re sentation with scarlet fever) 

These increases in antibody titer to the group A 
carbohydrate were seen in both the uncomplicated scarlet 

e w V e e e r ks 9r a 0 ;t P e: S t h We11 " ^ ^ 
weeks after the onset of scarlet fever. While the 

number 0 f caS es studied were small, it is of interest that 

ti ers to the group A carbohydrate were lower in ARF 
tie nts both at the onset Qf scariet a ^ ARF 

of rheumatic fever 4 weeks later when compared to the 
uncomplicated scarlet fever cases. 



Example f, 



Group A pnlvsanrharido - prnt . oiw 



coniuqatps 



A. NaBH 4 reduction of th. reducing termini of aroup 

A polysaccharide ' 

Isa „r? ie<1 5r ° UP * P ° lySaC <*» ri <* (100 „g) „ as 

«»lv«l „ 10 Bl „ ater and the p „ of solution 9, uas 
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adjusted to 10 with 0.5 N NaOH . Solid NaBH 4 (100 mg) was 
added to the solution and following incubation of the 
reaction mixture at room temperature for two hours, the 
excess borohydride was destroyed with 1 M AcOH. The 
solution was dialyzed against water in the cold and 
lyophilized, affording 91 mg of reduced GASP. 

B. introduction of a terminal aldehyde in the group 
A Polysaccharide by controlled periodate oxidation 

The reduced GASP (90 mg) was dissolved in 4.5 ml of 
water and then combined with 4.5 ml of 50 mM NaI0 4 . After 
3 0 min. at room temperature, the excess periodate was 
destroyed by the addition of l ml ethylene glycol and the 
solution was dialyzed against water in the cold and 
lyophilized, affording 73 mg of oxidized gasp. 

C. GASP-TT and GASP-HSA conjugates 

The oxidized GASP was linked to either monomeric 
tetanus toxoid (TT) (SSI, Copenhagen, Denmark) or human 
serum albumin (HSA) (Sigma) by reductive amination with 
NaBHjCN. 

Oxidized GASP (40 mg) and either monomeric TT (20 mg) 
or HSA (20 mg) were dissolved in 0.2 M phosphate buffer pH 
7.4 (0.7 ml). Following the addition of NaBH 3 CN (20 mg) , 
the reaction mixture was incubated at 37°c for 4 days. 
The progress of the conjugation was monitored by HPLC of 
small aliquots of the reaction mixture analyzed on 
Superose-i2 (iPharmacia) . The conjugates were purified by 
chromatography on a column of Superdex G-200 (Pharmacia) . 
using PBS ?s an eluant factions eluting from the column 
were monitored by a ^^403 differential refractometer 
and by u.V. Spectroscopy at 280 nm. The fractions 
containing the group A polysaccharide-conjugates were 
35 Pooled, dialyzed and lyophilized. The protein content of 
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the conjugates was estimated by the method of Bradford 
(Bradford, M.M. , 1976. Anal. Biochem. 72:248-254) with 
human serum albumin as a standard. The carbohydrate 
content was measured by the method of Dubois et al (31, 
with purified GASP as a standard. The TT conjugate 
contained 39% (w/w) carbohydrate and 61% („/ W ) pro tein 
Assuming an average ^molecular weight of ICUWtTkilodaltons 
for the polysaccharide (as determined by HPLC on Superose^ 
12 using dextrans as molecular weight markers and~as - ' 
measured by laser scattering as molecular weight markers) 
and a molecular weight of ISO^tT kilodaltons for the 
monomeric TT, the GASP-TT conjugate had a molar ratio of 
polysaccharide to TT of 9-10:1 respectively. 

Example 7 

Immunizations anri i mmunoaBsaY g 

A. Immunization procedures 



A group of five New Zealand, white, female rabbits 
(7-8 weeks old) were vaccinated subcutaneously at two 
sites on the back (three times at three week intervals) 
with 10 meg of either uncoupled native group A 
polysaccharide or as -TT conjugate in a total volume of 
0.5 ml. The vaccines were given either unadsorbed or 
adsorbed on aluminum oxyhydroxide (Alhydrogel; Superfos 
Denmark) or stearyl tyrosine (ST) , both a concentrations 
of 1.0 mg in alum or ST/ml saline. Thimerosal was added 
to the vaccines at a final concentration of 1/10,000 A 
group of five rabbits received the conjugate vaccine 
emulsified in complete Freund's adjuvant (Sigma 
Laboratories) for the first injection and in incomplete 
Freund for the following booster injections. Serum was 
collected from each animal on days 0, 21, 42, and 52. 
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B. ELISA 

Microtiter plates (Nunc Polysorb ELISA plates) were 
coated with 100 ng of GASP-HSA conjugate diluted to i o 
mcg/ml in pes and plates were incubated at 37-c for one 

0.05%(^ween) 20 (PBS-T, and blocked with 0.5% BSA in PBS 
for one hour at room temperature. The wells were then 
filled with 100 ml of serial 2-fold dilutions in pbs-t of 
rabbit antiserum and the plates were incubated for one 
hour at room temperature. After washing with PBS-T the 
Plates were incubated for 30 minutes at room temperature 
with 100 ML of peroxidase-labeled goat anti-rabbit i gG 
(H & L) (Kirkegaard & Perry Laboratories) and then washed 
five times with PBS-T. Finally, 50 ,l of TMB peroxidase 
substrate (Kirkegaard & Perry Laboratories) were added to 
each well and following incubation of the plates for 10 

mm. at room temperature tho roanf;^ . 

» ture ' tne reaction was stopped by the 

addition of 50 ,L of 1 M „ 3 po 4 . The plates were read at 
450 mn with a Molecular Devices microplate reader 
using 650 nm as a reference wave length (see Table IV) 
While we have herein before described a number of 
embodiments of this invention, it is apparent that the 
basic constructions can be altered to provide other 
embodiments which utilize the methods of this invention 
Therefore, it will be appreciated that the scope of this 
invention is defined by the claims appended hereto rather 
than by the specific embodiments which have been presented 
herein before by way of example. 
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